Objective-To define the lowest age at which the bidirectional superior cavopulmonary anastomosis can safely be used in infants with complex congenital heart defects.
Abstract
Objective-To define the lowest age at which the bidirectional superior cavopulmonary anastomosis can safely be used in infants with complex congenital heart defects. Design-A retrospective analysis of clinical, echocardiographic, haemodynamic, and angiographic data in four consecutive patients undergoing bidirectional superior cavopulmonary anastomosis below the age of 2 months. Patients-Between November 1990 and September 1993, four infants less than 8 weeks of age (3, 4, 6 , and 7 weeks) underwent bidirectional superior cavopulmonary anastomosis as a primary palliation for complex heart disease. The indication for early surgical intervention was progression of cyanosis (n = 3) and high pulmonary blood flow causing heart failure (n = 1). In two infants with tricuspid atresia, surgery was performed through a right thoracotomy without the use of cardiopulmonary bypass. In one infant with double inlet left ventricle and discordant ventriculoarterial connection, cavopulmonary anastomosis was combined with an arterial switch procedure. The final infant had double inlet left ventricle with pulmonary atresia; the central pulmonary arteries were virtually discontinuous and each branch was supplied by a separate arterial duct. The central pulmonary arteries were reconstructed using the subaortic innominate vein. Temporary prostacyclin infusion was used in three patients in the immediate postoperative period. Results-Early postoperative extubation (5, 7 , and 48 h) was The indication for surgical intervention was progressive cyanosis in two patients (cases 2 and 4; systemic saturations 65% and 75% respectively), and intermittent cyanosis (saturations down to 60%) in one (case 1). In the remaining infant (case 3) with unobstructed pulmonary blood flow, surgery was required to control congestive heart failure and to protect the pulmonary vascular bed. OPERATIVE 
TECHNIQUE
In the two patients with tricuspid atresia, BCPA was performed through a right thoracotomy without the use of cardiopulmonary bypass.' A side to side anastomosis was fashioned between the superior caval vein and the right pulmonary artery (fig 2) . In one case a side biting vascular clamp was used to allow continued flow to the right atrium while the anastomosis was performed. In the youngest infant, the superior caval vein was of insufficient size to allow this manoeuvre and its superior portion was therefore cross-clamped. The superior caval pressure was continuously monitored and did not exceed 25 mm Hg. The alternate sources of pulmonary blood flow (by the main pulmonary artery in both cases, with additional flow from a patent ductus arteriosus in one) were left patent in both cases.
Both patients with double inlet left ventricles underwent surgical correction through a median sternotomy on cardiopulmonary bypass with deep hypothermic circulatory arrest. In case 3 the ventricular septal defect was noted to be elliptical in nature with a cross sectional area significantly smaller than the aortic root size. It was therefore felt that early relief of subaortic stenosis was indicated, and that this would be best achieved by a modified arterial switch procedure. The main pulmonary artery was divided and the proximal portion of the distal segment was oversewn. The aorta and coronary arteries were transferred to the proximal stump of the pulmonary artery. The aortic valve was closed. An end to side BCPA was performed. In case 4, with severe proximal pulmonary arterial hypoplasia, both arterial ducts were divided. The central hypoplastic portion of the pulmonary arteries was opened longitudinally and the distal part of the subaortic innominate vein was used to reconstruct the central hypoplastic segment. This preserved flow from the innominate vein direct to the central pulmonary arteries (fig 1) . A bidirectional cavopulmonary anastomosis was fashioned between the posterior wall of the superior caval vein and the anterior aspect of the right pulmonary artery. The cava was ligated below this site.
Temporary prostacyclin infusion was used in three patients (case 1, 3, and 4) in the immediate postoperative period.
Results
There were no perioperative deaths. Case 1 (with tricuspid atresia and postoperative competitive pulmonary blood flow through both the pulmonary valve and patent ductus arteriosus) developed severe superior vena cava syndrome shortly after bidirectional cavopulmonary anastomosis, with profound upper body oedema. Ligation of the ductus arteriosus was performed 96 h after the initial operation. Chronic pleuropericardial effusions contributed to a prolonged intensive care unit (19 d) and hospital stay (38 d). Cases 2-4 had a smoother postoperative course with extubation at 5, 7, and 48 h respectively. Case 3 also developed prolonged postoperative effusions requiring drainage.
Three of the patients (cases 1, 3, and 4) had significant systemic arterial desaturation (< 70%) during the first 24 h after surgery. In case 4, saturations fell as low as 40% in the first few hours postoperatively, although without the development of acidosis. At hospital discharge, systemic saturations of the four patients ranged from 72% to 85% and at follow up these rose to 80-84%. All patients underwent cardiac catheterisation postoperatively (4-14 months). The mean pulmonary artery pressure was 12 mmHg (10-16), no patient having a gradient between the pulmonary artery and superior caval vein. No pulmonary arteriovenous malformations were identified. Pulmonary arterial growth was observed in all cases. Mean ratio of right and left pulmonary artery diameters to descending aorta (McGoon ratio) in the three patients with pulmonary outflow obstruction rose from 1-5 preoperatively to 1-8 postoperatively. In case 4 (with unobstructed pulmonary blood flow preoperatively) pulmonary arterial growth was seen after BCPA, but the McGoon ratio fell from 3-0 to 2-3.
At the latest follow up, 14-48 months postoperatively, all patients were well and none were taking medication. None had effusions or upper body oedema.
Discussion
Bidirectional superior cavopulmonary anastomosis is being used with increasing frequency as a palliative procedure for patients with complex congenital heart disease.'' This procedure offers several potential advantages over the use of systemic to pulmonary shunts. In particular, it avoids pulmonary arterial distortion and also the additional volume load on the systemic ventricle created by the use of systemic to pulmonary shunts. Both these complications are important risk factors for subsequent Fontan repair.8'0 In addition, bidirectional cavopulmonary anastomosis is a more logical strategy as it represents an evolution of the patients' anatomy towards the final Fontan circulation.
The results of bidirectional cavopulmonary anastomosis in older children have been very encouraging, with low operative mortality and excellent palliation being achieved in most patients.1 245 The logical extension of these results is the application of bidirectional cavopulmonary anastomosis to younger patients, including infants. Albanese and colleagues3 reported the results of BCPA in 27 children less than 2 years of age. The youngest was 2 months old, but the majority were above 1 year of age (mean 14-2 months). Overall, the results were satisfactory, though four patients died perioperatively (15%). This rather high early mortality probably reflects the complex anatomy rather than the young age at operation. Three of the deaths were in patients with atrial isomerism associated with severe common atrioventricular valve regurgitation or pulmonary venous obstruction. Chang and colleagues7 reviewed the results of BCPA in a group of 17 infants, 4-2 to 6-6 months of age. There was only one perioperative death and palliation was generally excellent. In both these series, the majority of patients had undergone previous palliation, mostly with systemic to pulmonary shunts. None of the patients studied was less than 2 months of age at BCPA. Therefore, these studies do not address the issue of whether BCPA can be used as a primary palliation for complex forms of congenital heart disease in the first few weeks of life.
Reluctance to use BCPA in neonates and very young infants comes from the unfavourable experience with the classical Glenn anastomosis in infancy." 12 Of particular concern is the increased pulmonary vascular resistance present in the newborn period and the potential for postoperative pulmonary vascular reactivity in young infants, even if pulmonary vascular resistance is normal before surgery. The latter is especially relevant in cases where the pulmonary vascular bed is unprotected and pulmonary blood flow is excessive.
Because of the potential advantages of BCPA as a primary palliation for complex forms of congenital heart disease, we have explored the feasibility of using this technique in infants younger than 8 weeks of age. All four of our patients are alive and well without medication. Systemic oxygen saturations at follow up range from 80% to 87%; these values do not differ from those of our older patients who have undergone BCPA.'3 Angiography has also confirmed pulmonary arterial growth in all patients. This is an important observation, since no serial data are currently available to show that BCPA in infancy will result in satisfactory pulmonary arterial growth.
Although these results are encouraging, caution is warranted. The postoperative course of this small group was more complicated than that seen with BCPA in older infants and children. We postulated that these patients would tolerate the procedure, providing low pulmonary vascular resistance could be maintained postoperatively. This may be an unrealistic expectation, particularly when profound hypothermia and circulatory arrest are used as additional procedures concomitant with BCPA. Case 3 is therefore of particular interest. This is the first time we have performed a BCPA in the setting of systolic pulmonary artery pressures at systemic level. Surgery was indicated for control of congestive cardiac failure and protection of the pulmonary vascular bed, rather than for cyanosis. Preoperatively there was torrential pulmonary blood flow and very low pulmonary vascular resistance. The ventricular septal defect was restrictive at presentation and a modified arterial switch procedure with BCPA avoided the inevitable sequelae of subaortic stenosis that would have followed banding of the pulmonary trunk.'415 Whether such an approach is prudent remains to be determined. Most cardiologists would not, at present, consider BCPA in the setting of pulmonary arterial pressure at systemic level, no matter how low the preoperative pulmonary vascular resistance. As our ability to manipulate pulmonary vascular resistance in the postoperative period improves,'6 consideration should perhaps be given to this strategy in selected patients.
Case 1 also warrants specific comment. In retrospect, lability of both the pulmonary vascular bed and right ventricular outflow obstruction, rather than constriction of the ductus arteriosus, were probably responsible for the marked swings in arterial saturations preoperatively. Although we have recently shown that competitive sources of pulmonary blood flow are usually very well tolerated following bidirectional cavopulmonary anastomosis" this patient did not tolerate the presence of what proved to be a large patent ductus and antegrade flow from the right ventricle. It would, perhaps, have been more appropriate to avoid BCPA or to have performed it through a median sternotomy with ligation of the ductus arteriosus or pulmonary trunk.
Although the postoperative course was more difficult than that commonly seen in older children, we have shown that it is feasible to perform bidirectional superior cavopulmonary anastomosis as primary palliation in young infants less than 8 weeks of age. While we would not yet advocate this as a standard approach in this age group, we do believe that this warrants further exploration. It may be prudent, in the first instance, to expand our experience with cyanotic infants with low pulmonary blood flow and pulmonary vascular resistance, who do not require concomitant additional surgical procedures. In this way it will be possible to examine the postoperative course of BCPA in very young infants without the confounding effects of additional surgical procedures.
Large apical thrombus (arrow) in the left ventricle, which was of normal size, visualised by cross sectional echocardiography (transthoracic approach, apical view). LV, left ventricle; RV, right ventricle; LA, left atrium; RA, right atrium.
A 25 year old woman was admitted to the hospital because of fatigue, palpitation, and dyspnoea on minor exertion. Nineteen years before, Friedreich's ataxia had been diagnosed. On physical examination, the patient presented characteristic findings of Friedreich's ataxia, including marked ataxia, dysarthria, generalised weakness, severe scoliosis, and cavus deformity of the foot. No heart murmur was audible. The electrocardiogram showed atrial flutter with 2:1 atrioventricular conduction; the QRS rate was 1 70/min. Echocardiography revealed biventricular hypertrophy with left ventricular wall thickness of 13 mm, severe global hypokinesis of a left ventricle of normal size, and a large apical thrombus (3-5 x 2-5 cm) (figure).
About 20 hours after the echocardiographic examination, the patient suddenly lost consciousness; she was intubated because of respiratory insufficiency. Although pulses of the carotid arteries were strongly palpable, pulses at all four extremities were not. Thrombus embolisation was therefore suspected, and confirmed by echocardiography. The neurological disorder and the apparent cerebrovascular involvement ruled out vascular surgical intervention.
At necropsy residual thrombotic material was present in the apex of the left ventricle. Occlusive thrombotic material was found in the left internal carotid artery, the left subclavian and right brachial artery, and the aortic bifurcation.
Although Friedreich's ataxia is primarily an inherited progressive neurological disease, heart failure is the most common cause of death in these patients.' Concentric or, less frequently, asymmetrical left ventricular wall thickening may readily be detected by echocardiography: rarely, a picture of dilated cardiomyopathy is found.23 Echocardiography also allows assessment of systolic and diastolic ventricular function.3 Increasing physical immobility can mask myocardial insufficiency for a long time. Atrial arrhythmias raise suspicions of left ventricular dysfunction and indicate a poor prognosis.' 3 Occasional peripheral emboli resulting from mural thrombi or, more usually, from atrial thrombi in cases of atrial fibrillation may occur in Friedreich's ataxia. The thrombus was exceptionally large in this case and there was massive lethal embolisation. Anticoagulation should be considered in patients with Friedreich's ataxia and impaired ventricular wall motion or atrial fibrillation.
